plast forms of common bacteria have been found in various inflammatory diseases of the intestine. '3 A slow growing, mycobactin (an iron chelating growth factor) dependent Mycobacterium species has recently been isolated from three of 14 CD gut tissues, but not controls, after 18 months culture. '4 This organism was similar to M paratuberculosis and oral inoculation of neonatal goats with these isolates produced granulomatous, non-caseating tuberculoid ileitis within three to five months'5 from which mycobacteria were reisolated. 16 Subsequently, a further similar isolate has been recovered from CD tissue. ' `These CD mycobacterial isolates were initially recovered in primary culture as slow growing spheroplasts which reverted to bacillary form only after prolonged and repeated subculture. The spheroplast ancestry of the CD bacillary isolates was confirmed by the analysis of restriction fragment length polymorphisms of ribosomal genes by DNA hybridisation. '1 We have also shown that these CD isolated mycobacteria are identical to each other and to M paratuberculosis by the use of DNA probes which identify restriction fragment length polymorphisms. "20 Unidentified spheroplasts were recovered from 61% of CD tissues but not controls. '7 Several other groups have recently reported independently the isolation of mycobacteria from CD tissues of types similar to M paratuberculosis as well as to M chelonei and M avium. 22 The repeated isolation from CD tissues of a mycobacterial pathogen may 
PROBES
Cloned mycobacteria specific probes used in this study were from the CD derived M paratuberculosis isolate, strain Ben'4. BamHl fragments of genomic DNA were cloned into the plasmid vector pGEM-1 as previously described.20 Probes were selected for their ability to detect and discriminate between a range of mycobacteria on the basis of restriction fragment length polymorphisms (RFLP). Three clones were used: (i) pMB22; with a 5 kb insert including a 1-2 kb repetitive element within it that is repeated greater than 10 times in Mparatuberculosis;
(ii) pMB21; this clone hybridises equally well to M paratuberculosis, M avium, CD isolates, and less to M kansasii; (iii) pMB 19; this clone hybridises equally well to M paratuberculosis, CD isolates, M avium, and M kansasii The clone pMB19 has also been shown to hybridise to M bovis, M tuberculosis, M intracellulare, and M chelonei. These clones and the RFLP's they generate have been described in detail previously. 2`21 Radiolabelled DNA probes were prepared for hybridisation by BamHl excision of the cloned insert and separation by electrophoresis in low temperature Fig. la and b, lanes 13 . This is because the target sequence for pMB22 is an insertional element repeated greater than 10 times in the genome of M paratuberculosis." The detection limit using pMB22, for mycobacteria similar to M paratuberculosis already isolated from CD tissues is therefore one Mycobacterium/100 human cells. The detection limit for different mycobacteria species using the three probes, presented in the Table, are based on these and previous studies.'" 21 Figure 1 also shows the RFLP patterns obtained with different species and shows that M avium, M paratuberculosis, and M phlei are clearly and precisely distinguishable.
To show the applicability of this experimental approach to detecting naturally occurring mycobacterial infections we applied these techniques to 40 mg liver from a mouse infected with M lepraemurium. Hybridisation analysis with clones pMB22 and pMB21 showed a very strong signal after autoradiography, Fig. la Figure 2 which shows hybridisation of pMB22 with Hinfl and PVU-11 digestions of DNA from eight CD and one control specimens. This experiment was repeated with a further nine CD and three control tissues probed with all three probes after digestion with PVU-11 and Hinfl and gave similar negative results. Figure 3 shows the absence of mycobacterial sequences in these tissues using probe pMB21 after PVU-1 1 digestion by comparison with 1 ng DNA from M avium and M paratuberculosis (lanes [14] [15] [16] Although extraction methods and sensitivity calculations were based on in vitro cultured M avium bacilli, M lepraemurium infected mouse liver provided a positive control for the application of our methods to the detection of intracellular forms of mycobacteria. Our DNA extraction method has also been successfully applied to an in vitro cultured spheroplast like organism recovered from CD tissue. 29 We therefore believe that spheroplasts, if present in CD tissue, would have been susceptible to the extraction methods used. Nevertheless, the absence of mycobacterial DNA at these levels of sensitivities does not exclude a mycobacterial aetiology for CD because some mycobacterial infections (lepromatous leprosy in man or M paratuberculosis infections in ruminants) produce large numbers of bacilli, while others are associated with very few undetectable organisms in tissues (tuberculosis and tuberculous leprosy). In this regard it is relevant to report that attempts by us to detect M tuberculosis DNA in several human tuberculous cervical lymph nodes were unsuccessful (unpublished observations).
A recent report has shown the presence of mycobacterial DNA in CD and control tissue derived DNA using solution hybridisation with CD isolated mycobacteria strain Linda total DNA as probe. 24 The thermal stability data for their DNA hybrids indicated that these sequences were neither identical to each other nor to strain Linda and they concluded that one mycobacterial species may not be specifically associated with CD. The levels of mycobacteria they found ranged between one organism/two human cells to one/700 cells. The total absence of mycobacterial DNA sequences observed in our present study may reflect our slightly lower sensitivity range or the specificity of cloned probes which readily distinguish a positive banding pattern from background hybridisation. A previous study by us also failed to show mycobacterial DNA in mesenteric lymph nodes from 21 cases of CD.-Clearly even more sensitive techniques than those described here providing precise information on the organisms detected are required. Gene amplification techniques using the polymerase chain reaction have recently been described that may enrich a specific DNA sequence more than a million fold.3132 With the DNA sequence data for specific mycobacterial target DNA at present being obtained in this laboratory, these methods combined with Southern blotting and RFLP analysis should provide crucial information concerning the possible mycobacterial aetiology of Crohn's disease. 
